The UEFA Champions League (UCL) is the most important competition at club level. Nevertheless, the sports technical efficiency of this competition has been scarcely analysed. The present paper seeks to fill this gap by analysing from a longitudinal and data panel perspective all the teams that played in the UCL during nine seasons (2004/05 to 2012/13). From a methodological perspective, we have used Data Envelopment Analysis (DEA), a deterministic non-parametric frontier method. In particular, we have applied constant return to scale and variable return to scale DEA assumptions. Due to the tournament characteristics (a group stage in the first phase, and a knockout system in the second phase), we have selected an input-oriented model. As the output (sporting result), we have proposed the use of the coefficients applied by UEFA from UCL revenue distribution. Efficiency is analysed in UCL considering a long period of time and applying the coefficients of revenue distribution as sporting results measurement. On account of differences from previous studies, we are able to obtain some interesting results. First, there is a high inefficiency level in UCL in the analysed seasons. Second, many clubs could be efficient in one season but stop being efficient for all the seasons simultaneously. As a consequence, the teams have many problems maintaining their efficiency during the seasons. Third, we have identified some regular inefficiency sources: waste of resources and inappropriate sporting tactics. Finally, from a longitudinal perspective, it is suggested an improvement in sporting tactics applied by the teams in the last seasons compared with the previous seasons.
Introduction
Today, football is one of the most important forms of sporting expression, as well as being a business of undoubted economic significance (Palacios-Huerta 2004) . Born in Europe, football is already a global phenomenon. Yet it is still dominated by European teams, and the UEFA 1 Champions League (UCL) remains the most important club-level competition worldwide. For example, the last UCL final, between Real Madrid and Juventus, generated 98 million interactions from 34 million people on Facebook and another 50 million interactions from 14 million on Instagram. In Twitter terms, there were nine million posts relating to the final (UEFA 2017).
The football industry has changed notably over the last two decades and economic survival has become more and more important. According to the Annual Review of Football Finance (Deloitte 2017) , total European football market revenues reached almost €25 billion in the 2015/16 season, a 13% increase on 2014/15. Nevertheless, these rates of growth cannot continue indefinitely, and although losses have dropped since the full introduction of Financial Fair Play, in 2015 aggregate losses stood at €300m (UEFA 2015) .
Thus, good utilisation of available resources and a corresponding diminution in costs could be a solution to the problem of losses currently suffered by many football clubs. In a general sense, and in the context of productive processes, efficient organisations are those that either use minimal quantities of inputs in order to obtain outputs or obtain the maximum output from their inputs. Applied to football clubs, the equivalent of productive process are the games played in a championship, while the main causes of sports inefficiency might be the waste of resources or inappropriate tactical choices (Espitia-Escuer and García-Cebrián 2004 , 2010 , Haas 2003 , Torres-Dávila and García-Cebrián 2012 The main objective of this paper is to determine the efficiency of the football teams that have participated in the UCL in nine seasons (2004/05 to 2012/13), by applying Data Envelopment Analysis (DEA). DEA provides a single measure of efficiency when dealing with multiple inputs and outputs. This methodology can also supply useful information about the sources of clubs' inefficiency. Thus, this research could contribute to the better use of sports resources by clubs as a way of reducing economic costs.
In this paper we pose two research questions. The first concerns the level of efficiency that UCL football clubs have demonstrated in the period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Although there is extensive literature on football efficiency measured through DEA, for national leagues (Haas 2003 , Espitia-Escuer and García-Cebrián 2004 , 2006 , Barros and Leach 2006 , Barros and Douvis 2009 , Boscá et al. 2009 , González-Gomez and Picazo-Tadeo 2010 , Ribeiro and Lima 2012 , few studies have analysed European competitions (Papahristodoulou 2006, Espitia-Escuer and García-Cebrián 2010) . Nevertheless, these studies show some limitations in the selection of the sport outputs and analyse a limited number of seasons. On the basis of previous empirical evidence, we would expect a low efficiency level among European football clubs.
The second research question concerns the most important causes of being inefficient. On this question, the results of national studies diverge. On the one hand, Espitia-Escuer and García-Cebrián (2004) , and Torres-Dávila and García-Cebrián (2012) observed that Spanish and Mexican teams suffer from a poor choice of technology (i.e. wrong tactics used). On the other, Hass (2003) and Espitia-Escuer and García-Cebrián (2010) found, respectively, that themain cause of inefficiency in English Premier League clubs and teams playing in the UCL was their waste of resources. Because our sample size is larger than those of previous studies, we hypothesise that we will find a greater range of causes behind UCL clubs' inefficiency.
This study contributes to previous research in several ways. First, we use a measure of sports output that aims to overcome certain problems detected in previous studies. This output measure is the revenue obtained, according to the coefficients applied by UEFA, from UCL revenue distribution on the basis of sporting performance. This output measure is more representative and reliable than measures used in previous studies (Espitia-Escuer and García-Cebrián 2010 , González-Gomez and Picazo-Tadeo 2010 , Papahristodoulou 2006 , Torres-Dávila and García-Cebrián 2012 .
Second, to carry out our approach our sample from the individual seasons of 2004/05 to 2012/13 was analysed as a whole. In this way, we overcame one of the limitations often attributed to DEA, which is its sensitivity to the sample size used. This more robust analysis provides accurate, objective and relevant information. This can help the decision-making of coaches and managers, and, as a consequence, can lead to improvements in football clubs' efficiency. Furthermore, the differences between the efficiency results obtained from the season-by-season analysis and that of the sample as a whole, throw up useful recommendations for participating UCL teams.
The remainder of this article is structured as follows. The next section briefly introduces efficiency' concepts, the football teams' production process and a literature review. The third section describes the methodology and explains the output and input variables used. Results are presented in section four. The last section discusses the results and concludes this paper.
Frameworks and Literature Review

Efficiency and Production Function in football
According to Debreu (1951) , efficiency is an economic term related to the good use of inputs, in the sense that an organisation is efficient if it obtains the maximum possible output or it uses the minimum possible input. With the aim of empirically calculating efficiency, Farrell (1957) proposed the distance to isoquant as a measurement of efficiency for organisations or DMUs (decisionmaking units). Hence, estimation of the isoquant becomes the key point. For this purpose, Farrell (1957) suggests the use of real data inputs and outputs of a sample composed of homogenous organisations, belonging to the same economic sector at least. The estimated isoquant, called efficient frontier by Farrell (1957) , is formed by best-practice DMUs in the sample. As a consequence, a sound knowledge of productive function is necessary to establish the variables representative of inputs and outputs.
In the case of football teams, efficiency means the maximisation of sports results (goals, wins or points) with the actual number of physical resources, or the minimisation of resources to obtain the actual sport result. In terms of the production function of sports teams, Scully (1974) was the first to analyse this, which he did for baseball. Works such as Schofield (1988) on cricket, Carmichael and Thomas (1995) on rugby, and Carmichael et al. (2000) on football, consider that production function in sports is composed of two different stages. More recent studies, specifically about football, corroborate that the production function is composed of two different stages, each with its own inputs and outputs (Espitia-Escuer and García-Cebrián 2004 , 2006 , 2010 , Torres-Dávila and García-Cebrián 2012 .
In figure 1 we can see the production process flow (from left to right). A squad and a coaching staff (input 1), with their skills and characteristics, will carry out some attack and defence plays (output 1 and input 2) which will produce a result (output 2). In an isolated match, this result can be goals or a win, or, in a league or a tournament, points or progress to the next phase. In breaking down this production process we may observe two stages:
 In the first stage players and coach, through their pre-match work (technical, tactical and physical workouts), will train to produce attack and defence plays during the match.  In the second stage these plays, which are the output from the first stage, will be the input and generate an outcomegoals, wins, points, etc.depending on the context.
Figure 1. Football Production Process
Source: Authors' elaboration adapted from Espitia-Escuer and García-Cebrián 2004.
Literature Review
A review of the existing empirical evidence on efficiency in football teams shows differences in the methodologies applied, the variables analysed (sports measures) and the units under analysis (the manager, the coach or the club as a whole).
Although in their survey of efficiency measurement tools, Førsund, Lovell and Schmidt (1980) identified four methodologies, the most commonly used since publication of their study have been parametric stochastic frontiers and deterministic non-parametric frontiers (since called DEA). On one hand, the parametric stochastic approach needs to specify the functional form for the production function that relates the inputs to the outputs, and does not enable analysis with multiple outputs. Dawson et al. (2000) analysed the efficiency of managers in the English Premier league using an econometric stochastic frontier, while Carmichael et al. (2000) and Barros and Garcia-de-Barrio (2008) employed stochastic frontier models to analyse the efficiency of English football clubs. On the other hand, the deterministic non-parametric approach does not need the production function to be specified and has been widely applied to measure efficiency in football clubs (Barros and Douvis 2009 , Barros and Leach 2006 , Boscá et al. 2009 , Espitia-Escuer and García-Cebrián 2004 , 2006 , 2010 , González-Gómez and Picazo-Tadeo 2010 , Haas 2003 , Papahristodoulou 2006 , Ribeiro and Lima 2012 .
In terms of the variables employed, Carmichael et al. (2000) , Espitia-Escuer and García-Cebrián (2004 , 2006 and Torres-Dávila and García-Cebrián (2012) have estimated the sports efficiency of football clubs using match statistics of the games played as inputs and the final ranking or points in the league as outputs. Boscá et al. (2009) also used match statistics as their input, but their output variables were goals scored and conceded; they separately analysed and compared the offensive and defensive efficiency of the Italian and Spanish leagues. Where the tournament is of a mixed nature, consisting of a group stage and a knockout phase, there is no consensus on what output variables to apply. For example, Haas (2003a) analysed efficiency in Major Soccer League, (American-Canadian league) and used the points achieved in the regular league and the wins in the knockout phases as output. González-Gómez and Picazo-Tadeo (2010) observed the three tournaments that Spanish clubs play; the output to the league was the points achieved, the number of rounds played to win the cup, and the number of games played in European competitions (UCL and UEFA Europa League). Torres-Dávila and García-Cebrián (2012) used the points in the group stage and the games played in the knockout phase to study separately the Mexican national league phases. Finally, Papahristodoulou (2006) and Espitia-Escuer and García-Cebrián (2010) used the number of games played to evaluate the efficiency of UCL. This number represents teams' progress in competition, which is the main objective in this competition type. A team that has reached the round of 16, for example, has had an output of eight games, six in the group stage and two in the second round.
Although the concept of efficiency is focused on production processes, other streams of analysis have looked at financial measures. Authors such as Gerrard (2010) and Ribeiro and Lima (2012) have used sports results as output and measures of financial expenditure (i.e. wages) as input. In a similar vein, Giner-Vicente and Muñoz-Porcar (2008) employed six different indicators of financial expenditure, the club's final ranking and revenue as output. González-Gómez and Picazo-Tadeo (2010) included two traditional measures as inputs: number of seasons in the first division and number of trophies won in national and international competitions.
Previous research can also be classified according to the geographical area under study. Traditionally, studies have adopted a national approach, the national leagues most studied being the English Premier League (Barros and Leach 2006 , Carmichael et al. 2000 , Gerrard 2010 , Haas 2003 and the Spanish Liga (Boscá et al. 2009 , Espitia-Escuer and García-Cebrián 2004 , 2006 , Giner-Vicente and Muñoz-Porcar 2008 , González-Gómez and Picazo-Tadeo 2010 . However, less well-known leagues have also been analysed: the Portuguese Douvis 2009, Ribeiro and Lima 2012) ; the Italian (Boscá et al. 2009 ); the Greek League (Barros and Douvis 2009); the Major Soccer League of North America (Haas 2003a) ; and, the Mexican League (Torres-Dávila and García-Cebrián 2012).
Nevertheless, studies looking at international competitions and the UCL in particular, are scarce. Papahristodoulou (2006) analysed the UCL in five different sets of combinations of inputs and outputs; in three of them the analysis was focussed just on the UCL group stage, and in another two he observed the competition as a whole. Three clubs were efficient in all combinations of inputs and outputs used. However, the efficiency rankings and the efficiency scores changed when the author changed the combination of variables.Espitia-Escuer and García-Cebrián (2010) obtained interesting results. They concluded that efficiency could be used to evaluate positively those teams that achieve the results their potential allows them, and to recognise which teams obtain good results although they waste resources. Furthermore, from a pooled analysis of all the seasons, they concluded that there are no different dominating tactics, but there is a general waste of resources in some of the seasons.
Methodology and Data
Methodology
Calculations for measuring efficiency using the deterministic non-parametric frontier method were proposed by Charnes et al. (1978) , who were the first to use the term Data Envelopment Analysis (DEA). These calculations involve solving linear programming problems in order to construct a non-parametric frontier over the data. Their basic model, known as the CCR model (Charnes, Cooper and Rhodes) , can process non-discriminatory variables. The CCR model assumes constant return to scale (CRS) and calculates the technical efficiency (TE) scores of the DMUs. This model may be oriented towards the input or the output. Therefore, the efficiency of each DMU of the sample consists in solving the following linear programming problem:
where is the technical efficiency index considering an orientation to the input; is the vector that represents the quantities of m products produced by the organisation i; U is the matrix of range k.m which represents the quantities of m products for the k organisations in the sample; x i are the quantities of the n production factors used by the organisation whose efficiency is being measured; X is the matrix of range k.n for the quantities of n production factors used by the organisations in the sample; and z i is an intensity parameters vector that determines the combinations of factors and products observed. The technical efficiency value indicates the radial reduction that could be implemented in the consumption of production factors if the unit studied were to become efficient. When =1, the organisation analysed belongs to the frontier; it is impossible to obtain its production vector with a radial reduction of all its resources and it is classified as an efficient unit. This is the maximum value that the efficiency of an organisation can take. If <1, this indicates the proportion to which the quantity of all inputs used to achieve at least the actual output quantity could be reduced radially, so the output will be obtained without wasting resources. Banker et al. (1984) proposed some adjustments to the CRS model in which variable returns to scale (VRS) are assumed. Their model, known as BCC (Banker, Charnes and Cooper) , allows calculating the pure technical efficiency (PTE). The use of the VRS specification is suggested for an efficiency calculation when not all DMUs are operating at the optimal scale. The linear programming problem to solve in this case forms the reference unit from units of a similar size/technology, 2 which leads to the following formula
where is the pure technical efficiency of the unit studied. The pure technical efficiency value indicates the radial reduction in the consumption of production factors that the unit studied should implement in order to be efficient when compared with those units of similar technology. In the case of football teams, tactics developed during games are the equivalent to technology. Therefore, if we have <1 and =1, this indicates an appropriate use of the resources, without waste, and the inefficiency is due to the wrong tactics being chosen.
The scale efficiency (SE) is given by the ratio between the TE score and the PTE score. Generally, if SE = 1 it means that the DMU is operating at an optimal scale. If SE < 1, the DMU is not working at the most productive scale size (technology or tactics for football teams).
Depending on the data availability, the DEA methodology could be applied in different ways (Tulkens and Vanden Eeckaut 1995 , Asmild et al. 2004 , and Culliane and Wang 2006 . For example, when we have a data panel with different observations in several seasons for the same teams, it is possible to develop a static analysis. In this case, efficiency for each team is calculated in every season considering exclusively as sample the different observations in that season. On the other hand, a dynamic analysis could be developed. In the easier version, this dynamic analysis supposes the estimation of the efficiency for each team in every season, but considering the sample as a whole.
In the present paper, efficiency values during all the seasons for each team were estimated using the whole sample. From a methodological approach, in the calculation of efficiency taking into account all the seasons of the sample as a whole, the efficiency of each particular team will never increase versus that obtained in a season-by-season analysis. DEA is the resolution of linear programming problems, and its mathematical property is that the optimal never increases when the number of constraints increases. This is what happens when expanding the sample, and is, precisely, one of the most important advantages of the dynamic analysis. As the results obtained with the DEA are very dependent on the used sample, when the sample is higher, the results obtained are more robust. Then, when all the seasons are considered, simultaneously, it could be argued that the efficient teams really have made an adequate use of sport resources.
Furthermore, the results obtained with the sample as a whole allow developing a more rigorous evaluation of efficiency. The differences among the efficient rates calculated in different seasons for a team could be as a consequence of changes in the resources used by the team or differences in the sample from one season to another. On the contrary, when the estimations are made considering all the seasons as a whole, the second argument disappears. Consequently, in this case, differences in efficiency rates for a team could be exclusively due to the selection of the sport resources (amount of resources and their use in specific strategies and tactics).
In this research we calculated technical efficiency, pure technical efficiency and scale efficiency. They are well-known and have been widely used in the last twenty years in many areas (public universities, banks, public sector resources, sports, etc.). These models have also been used in football (Haas, 2003; Barros and Leach 2006 , Espitia-Escuer and García-Cebrián 2004 , 2010 , Torres-Dávila and García-Cebrián 2012 .
Data and Variables
The UCL is Europe's top international football competition at club level. Initially contested by the champions of the national leagues, it now has several qualifying routes. The UEFA coefficient system 3 is used to set criteria for direct access into the group stage or access to the previous qualifier rounds. The competition itself starts at the group stage, with eight groups of four teams in each. A team plays twice each of the others in its group, in matches as host and visitor. The two highest ranked teams in every group advance to the next stage. With 16 teams qualifying for the second round, the knockout stage is characterised by double matches, home and away, with the winner advancing to the next phase, and so on until the semi-final. The final, exceptionally, is played as a single match, at a ground chosen the previous year. The UCL champion qualifies to compete for the European Super Cup and the FIFA Club World Cup. Our intention was to analyse group stages and knock-out rounds together, in accordance with Espitia-Escuer and García-Cebrián's (2010) approach.
The sample in this article consists of the 32 clubs that qualified for the UCL group stage in each of the nine seasons between 2004/05 and 2012/13: a total of 288 units of observation. Some of these 288 DMUs are the same club in different seasons. In total, there are 94 different clubs. Many clubs participated only once in the competition during the study period, but a select group consisting of Arsenal, Barcelona, Chelsea, Manchester United and Real Madrid participated in all nine of the seasons.
The performance on field, that is the outcome of actions taken by teams during the match, expressed through movements of attack and defence, is the core of football clubs production process. As can be seen in the framework, these attack and defence plays are the output of the production process first stage (Figure 1 ), but they are also the input of the second stage. The present study is focussed on the production process second stage, so the sports variables are our inputs. Following previous literature, total attempts, ball possession and ball recoveries are the selected inputs variables and the details of the reasons for this choice will be set out in what follows.
The total attempts made are the completion of the offensive plays of a team. Lago-Peñas et al. (2011) analysed group stage matches of three UCL seasons (2007/08 -2009/10), and their results showed that winning teams had average values significantly higher (p < 0.01) for total shots than losing teams. Torres-Dávila and García-Cebrián (2012) used it as an input measurement.
The minutes of ball possession represent the volume of play of a team, which usually indicates which team has dominated the match, or has shown more initiative and intent to have the ball. Lago-Peñas et al. (2011) concluded that ball possession is an indicator of success in UCL. Espitia-Escuer and García-Cebrián (2006 , 2010 and Papahristodoulou (2006) used it in their models.
Ball possession could have potential limitations in the development of tactics in opposition sports. A team that plays a counter-attack may not take the initiative to possess the ball, counting instead on the speed and capacity of its players. Possibly, therefore, it creates less chances of plays completion (minus attempts). However, it will usually generate more situations of numerical superiority, a big advantage in football. All this would mean that such a team, with little ball possession and few attempts on target, becomes fairly efficient, if it manages to turn its counter-attacks into goals. Then, in order to overcome this potential limitation, ball recovery is an important indicator of that active attitude in relation to controlling the match. Furthermore, this variable can be a substitutive input, because if a team has much ball possession, consequently, it will have fewer opportunities to recover the ball, and vice versa. Therefore, a ball recovery, a defensive play, is the third input variable used in the model.
If there is a point at which there is consensus in the literature, it is that the output variable must be sporting performance, or one of them, in the case of more than one output. In national regular leagues the most common way to measure this outcome is through the points archived (Haas 2003 , Espitia-Escuer and García-Cebrián 2004 , 2006 , Barros and Leach 2006 , González-Gómez and Picazo-Tadeo 2010 . However, there are more ways to measure it; for example, Giner-Vicente and Muñoz-Porcar (2008) and Garcia-del-Barrio and Szymanski (2009) used the final league ranking, while Carmichael and Thomas (1995) and Horowitz (2007) used wins percentage over total games played.
One of the contributions of this paper is the output variable used for calculating efficiency: first, because most of the literature is focused on championships played as leagues (single or double round-robin tournaments); and, second, because the usual output variable employed to measure efficiency in knock-out tournaments is the number of games played. In the UCL case, if we use the number of games played, all the clubs involved in the group stage would get the same output, regardless of whether they had won, tied or lost their respective matches. The same happens with the finalists: the winning team and the runners-up obtain the same result, since they play the same number of matches. Using the number of games played, all 16 teams that do not qualify for the knockout stage would get the same result, regardless of their performance, and, consequently, this would lead to bias in the performance evaluation. To solve the problem of the measurement of sporting results in knockout competitions, we propose the use of the coefficients applied by UEFA for the UCL revenue distribution. These coefficients are the output variable used in the present paper, and appear to be a more accurate and representative way of measuring the output of football clubs that participate in competitions like the UCL with a mixed format. This output measure fully preserves the order of the final ranking in the competition, overcoming some limitations shown by previous studies. A team that qualifies to an advanced phase never has a lower score than an eliminated team, and, furthermore, the scale according to sports performance distinguishes it, even though it was eliminated in the same stage of the tournament.
The distribution of UCL revenues is as follows. A fixed part of the amount of revenue 4 from media rights and commercial contracts is allocated to clubs and corresponds to the sports results achieved. The group stage participation and performance are rewarded, adding a bonus for wins or draws. At the knockout stage they are rewarded with a pass to the next phase. The other part 4 UEFA negotiates agreements with sponsors and television in three-year cycles. Between 75% and 82% of the total revenue from media rights and commercial contracts concluded by UEFA goes to the clubs, while the remaining 18%-25% is reserved for European football, for UEFA to cover its organisational and administrative costs and to make solidarity payments to associations, clubs and leagues. What defines the exact value of these figures is the revenue for each period; for the season of 2012/13, for example, up to a maximum of €530m, 75% of the total was paid over to the clubs, and any revenue in excess of this value raised the clubs' percentage to 82%. concerning revenue is variable, depending on the market pool, and is not related to sports performance. Therefore, it is not relevant to this study. For all analysed periods the prizes respect the same criteria (as can be seen in Appendix 1, a table summarising prize values evolution). Participation in each phase and the performance in a group stage are rewarded. As the contracts with sponsors and television are negotiated by UEFA in three-year cycles, the prize values also change in the same cycles.
For instance, in the 2012/13 UCL each of the 32 clubs involved in the group stage received a base fee of €8.6m, and in terms of performance a bonus of €1m was paid for a win and €500.000 for a draw. Teams which qualified for the round of 16 received €3.5m, the quarter-finalists €3.9m and the semifinalists €4.9m. The UCL winners won €10.5m and the runners-up €6.5m. So, for this season, the minimum a club received for its sports performance in 2012/13 could be € 8.6m and the maximum € 37.4m, depending on its sports performance. For other seasons, the minimum and maximum values are shown in the Appendix. Thus, the problem outlined above is solved; furthermore, to differentiate the champion team from the runners-up, the proposed measure also best represents the results obtained in the group stage.
To analyse the efficiency during all the seasons, we should consider the entire sample as a whole. Estimating the efficiency of the entire sample as a whole makes it possible to know the best practices in terms of tactics and use of resources. Namely, a club could be efficient in a specific season, considering the power and the resources employed by its opponents. However, if it employed the same resources in the same way in another season, it may not be enough, or this club could waste its resources. Similarly, in knockout competitions, a club could match stronger or weaker opponents. As a consequence, the team will need to employ its resources in different combinations and amounts depending on the opponent characteristics. Therefore, it is important to analyse the efficiency of the sample as a whole. As the values of revenue distribution applied by UEFA changes in a three-year cycle, we should homogenise them. The proposed output measure is a monetary value that represents the sporting results, so we consider the coefficients values of the last season analysed (2012/13) as reference and they have been applied to the other seasons. Moreover, in order to make results comparable, these homogenised values were also used in the season-by-season analysis. In the following, we will make some interesting comparisons.
The descriptive statistics for the inputs and output variables is shown in Table  1 . The sports data used in this study were generously provided by Opta Sports, a company with one of the largest sports databases of European football. The UCL results were consulted in the official UEFA website 5 . 
Results
The results of the pooled analysis are shown in Table 2 sorted by TE score. Following the methodology described in the previous section, the results will be introduced in a similar approach. First, it is shown the technical efficiency results, emphasising the more efficient seasons and clubs. Second, pure technical efficiency results are explained, allowing us to identify the clubs that did not waste their resources and where inefficiency was exclusively due to wrong choice of tactics. Finally, the results considering scale efficiency are shown. In terms of technical efficiency, an analysis of results along the seasons studied in this paper, it can be seen a high degree of inefficiency in the UCL. The clubs that have been efficient are the following: APOEL (2011/12 season), CFR Cluj (2012/13 season), Internazionale (2009/10 season) and Liverpool (2004/05 season).
Table 3. Technical Efficient Teams in a Seasonal Analysis
Note: Italic type: champion of the indicated season.
In Table 3 , it is shown the teams that are efficient in the season-by-season analysis. We can observe that the number of efficient clubs decreases from twentysix clubs in a season-by-season analysis (approximately 9% of the sample) to four clubs in the entire period, less than 1.4% of total clubs. As efficiency is a relative measure that depends on the units under comparison, we should expect that the results could change in an overall efficiency study. In our case, as was expected from the characteristics of the methodology, the technical efficiency reduces in general, and the number of efficient units decreases drastically. Many DMUs, which were efficient on a seasonal basis, stop being so.
Comparing efficiency results and sport results, it is possible to highlight that only two of the four efficient clubs went on to win the Championships. Conversely, seven of the nine winning clubs were calculated as being not efficient. In the calculations for season by season, it could be argued that the teams that won the UCL in some of the seasons did so without wasting resources, in contrast with the resources and tactics followed by their opponents. Nevertheless, when all the seasons were considered simultaneously, the range of potential combinations of resources and tactics was considerably higher. Hence, the winning club in the UCL that was efficient in a season-by-season approach but inefficient in the pooled analysis, could obtain the same sporting result with fewer resources. Consequently, these teams could not be considered efficient in terms of the analysis combining all the seasons.
In the decomposition of the technical efficiency rate into pure technical efficiency and scale efficiency we can detect the potential sources of inefficiency. In Table 2 , it is shown that teams are inefficient not only because they clearly wasted resources but also because they have chosen the wrong tactics. Only 2.7% (eight teams) of the total sample displayed efficiency in terms of pure technical efficiency, while 5.2% (15 teams) demonstrated efficiency in terms of scale efficiency. Thus, it seems that waste of resources (lack of pure technical efficiency) is a greater source of inefficiency than is the use of incorrect tactics (lack of scale efficiency). By clubs, it is possible to detect some inefficient clubs which have made correct use of sporting resources ( Finally, from a longitudinal analysis of the evolution of efficiency rates, it is not possible to detect any clear pattern. However, three out of four efficiency clubs have been efficient in the last seasons. Also, the inefficient clubs with values of pure technical efficiency of one are concentred in the first seasons, while the teams with scale efficiencies of 1 are concentred in the last seasons.
Discussion and Conclusions
In general, in many sports and football, in particular, analysis of how efficiently a club uses its resources is really important to evaluate its performance. Among the different tools widely applied in the literature to measure efficiency, we have opted for DEA methodology. Cooper et al. (2007) highlight its ability to identify the benchmark members of the efficient set used to effect these evaluations and to identify the sources (and amounts) of inefficiency.
In the present paper, we have applied this methodology to the best clubs in Europe, 94 different clubs that played in the Champions League in nine seasons (2004/05-2012/13) . The use of a great number of seasons, allows us to provide interesting conclusions for each season as well as for the whole period of time.
In this paper we measured the level of efficiency of UCL clubs as well as their main sources of inefficiency.
We show that there is a high degree of inefficiency in the UCL: the number of efficient clubs is only 1.4% of the total sample. Moreover, over the nine seasons analysed, no club managed to maintain technical efficiency. Thus, our hypothesis of an expected low level of efficiency among the most important European football clubs has been confirmed. This result is in accordance with previous empirical evidence about efficiency in the UCL (Espitia-Escuer and García-Cebrián 2010, Papahristodoulou 2006) . Our finding implies that it is very difficult for clubs to sustain their efficiency in what is the most competitive European football tournament.
Furthermore, two different inefficiency sources were detected in our study. The first inefficiency source was associated with the choice of inappropriate sporting tactics. The second, related to a clear waste of resources. The results showed that only 2.7% of clubs (n=8) made correct use of their resources, while 5.2% (n=15) employed adequate sports tactics. Hence, it appears that waste of resources (lack of pure technical efficiency) is a greater source of inefficiency than is the use of incorrect tactics (lack of scale efficiency).
Differences in measures, methodology and so on, that were emphasised in the literature review, make it difficult to compare these findings with those of previous studies. With particular reference to our new output, differences between our study and previous studies of the UCL (i.e. Espitia-Escuer and García-Cebrián 2010, Papahristodoulou 2006) were expected and confirmed. Anyway, the new output measure proposed seems to be suitable for representing reliably the sports results archived by the football clubs that play UCL. This new measure could allocate more real values to the sports results. This is easiest to comprise considering that with the output in previous studies, between the champion and the runners-up team, and among the sixteen teams which did not qualify to the knockout phase, there were no differences in outcomes. Then, many of the runners-up and teams that did not qualify to the knockout phase, which theoretically had a very poor sporting performance, were classified as efficient in previous studies. The use of the coefficients applied by UEFA from UCL revenue distribution will be helpful in future research.
In spite of the fact that it has not been possible to establish a pattern in the evolution of efficiency values shown by the teams, a temporal concentration of values for one was detected. In other words, when the whole sample was used in the calculations, the efficient clubs are those participating in the former seasons in our sample, as did the clubs who demonstrated only scale efficiency (whose sporting tactics were correct). On the other hand, inefficient clubs with a pure technical efficiency ratio equal to one (i.e. teams with incorrect sporting tactics) were concentrated in the first season of the whole sample. These results might therefore suggest that the teams changed and improved their sporting tactics from an efficiency point of view. From this longitudinal perspective, this result contrasts with that found by Espitia-Escuer and García-Cebrián (2010), neither of whom detected changes in technology or tactics in the period analysed.
A further detailed analysis of this situation is beyond the scope of this paper but is of interest to future research.
From a managerial perspective, some implications and managerial recommendations can be highlighted. It could be argued that, from the perspective of pure technical efficiency, inefficient clubs should deploy their resources better, i.e. use fewer plays in order to obtain the same results during games. In addition, when forming a new squad for the future, clubs should search for and purchase players with specific characteristics and efficient individual performances, in order to improve results. From the perspective of scale efficiency, inefficient clubs should change their tactics. First, when forming a new squad they should search for players who make few mistakes when playing. Second, it could be argued that they should imitate and apply the same sports tactics that the most efficient clubs employ. Nevertheless, one could also argue against this managerial implication, in that it is precisely by using tactics that are different from those of opposing teams that one can gain sporting success. In this regard, it should be noted that the approach applied in this paper was that of efficiency, namely, the consumption of resources without waste. The evaluation of tactics in accordance with the sports results of teams also includes an assessment of effectiveness. Furthermore, it has been shown in the present paper that a championship winner is not always an efficient team, it is just less inefficient than the runnerup, perhaps.
